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3,002,147 ‘ 
REMOTE CAPACITOR SWITCHING APPARATUS 

FOR POWER DISTRIBUTION SYSTEM 
Charles Wasserman, 3615 Clarinth Road, 

Baltimore 15, Md. , 
Filed June 9, 1958, Ser. No. 740,799 

18 Claims. (Cl. 323—105) 

This invention relates generally to the control of power 
distribution systems, and more particularly to automatic 
remote control apparatus for switching transmission line 
capacitors to provide power factor correction for a power 
distribution system. 

In recent years, new loads on power transmission and 
distribution systems have become increasingly reactive. 
The problems of providing new generation facilities to 
supply the new loads have been ampli?ed by the de 
creasing power factor of the loads. Capacitors have 
been installed on various substation busses and distribu 
tion ‘feeders throughoutthe systems to supplement new 
generator reactive capabilities in an effort to obtain maxi 
mum system economy. While it is almost universally 
recognized that capacitors are most effective near the 
customer load, the general application of capacitors in 
large quantities on distribution feeders has been retarded 
due to the lack of a satisfactory switching control system. 
Various local control methods have been tried including 
time, voltage, current, temperature and combinations 
thereof, but these have been found to have many draw 
backs. 

Properly located line capacitors switched by an ade 
quate control system may provide several bene?ts. For 
instance, thermal relief of feeders, substations and trans 
mission lines is possible. This may increase the capa 
bilities of existing equipment considerably thus deferring 
expensive system additions. Voltage control can be pro 
vided which permits the omission of costly tap-changing 
under-load equipment on many new transformers. Also, 
the frequency of operation of existing regulators and tap 
changers is reduced, and this reduces‘ maintenance costs 
and in some cases permits removal of existing equipment. 
System losses occurring primarily at peak load conditions 
can be reduced resulting in savings in fuel and capital 
investment. 

Accordingly, it is an object of this invention to provide 
a new and improved ‘automatic control system for switch 
ing power distribution line capacitors. 
Another object of the invention is to provide a reliable 

automatic capacitor switching system controlled remote 
ly from a central station through information available 
at power distribution substations. 
Another object of the invention is to provide an effi 

cient and economical automatic remote capacitor switch 
ing system which requires minimum supervision and 
maintenance, which is readily installed at low cost, and 
which makes maximum utilization of existing regulating 
equipment and is in part interchangeable therewith. 
A feature of the invention is the provision of a remote 

control system for switching capacitors by transmission 
of a carrier signal from a central station over feeder lines, 
with the carrier being modulated sequentially by different 
tones whose frequencies are controlled by a plurality of 
resonant-reed circuits. A control unit is provided on'the 
feeder lines to switch each capacitor bank selectively in 
response to “off” and “on” tones. 
A further feature of the invention is the provision of 

a control system as described in the preceding paragraph 
including sequenching and timing apparatus for selecting 
between “on” and “off” ‘tones accordingto a needfor 
switching capacitors on or o?.’ the line, for applying the 
selected tones in a desired sequence until the load is cor 
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rected, and for completing the sequence with the other 
type of tones after the load has been corrected. 

Another feature of the invention is the provision of an 
automatic capacitor switching system having a recorder 
which displays the condition of the load, and manual 
initiating and selecting controls which permit observation 
and testing of the operation of the system as a whole 
from a central station. 
A further feature of the invention is the provision of 

a remote control system for switching a large number 
of capacitors distributed throughout a feeder system, in 
cluding a control unit coupled to the feeder line by a 
loopstick antenna, and having a transistorized carrier 
signal receiver with resonant-reed relays tuned to provide 
selective response to particular “off” and “on” control 
signals. The control unit is small and compact and may 
be packaged in a plug~in meter case to afford easy in 
stallation and interchangeability with existing time con 
trol equipment. The temperature within the meter case 
may be controlled by a thermostatic heater and ‘a thermal 
shield which prevent excessively high or low interior tem 
peratures. . 

Still another feature of the invention is the provision 
of a‘ switching control unit including a carrier receiver 
having frequency selective relays connected to the output 
whose response is delayed to avoid spurious operation 
due to noise, and having a lockout arrangement for these 
relays to prevent undesired switching upon reception of a 
tone which corresponds to the present condition of the 
capacitor. 
The invention‘ is illustrated in the accompanying draw- . 

ings in which: . 
FIG. 1 is a schematic diagram showing a power dis 

tribution system provided with an automatic remote 
switching control system in accordance with the inven 
tion; _ ‘ 

FIG. 2 is a view of. the coding, transmitting, and indi 
cating equipment for the control system of the invention; 

FIG. 3 is ‘a view of a transmission line pole provided 
with a control unit and associated apparatus for switching 
a bank of capacitors; 
FIG. 4 is a view showing the interior of the control 

unit of FIG. 3; 
. FIG. 5 is a circuit diagram for the equipment provided 

at the central control station; . 
FIG. 6 is a graph showing the program of the‘ timer 

included in the equipment at the central station; and 
FIG. 7 is a circuit diagram for the apparatus provided 

at the switching station. ‘ 
The remote capacitor switching control system of the 

invention provides automatic switching control from a 
central station for a large number of capacitor banks lo 
cated on the feeder lines of a power distribution system; 
Switching is accomplished by supplying carrier current 
over the feeder lines to a plurality of switching stations 
each including a control unit which may be mounted 
on a poletop along with the capacitor bank and switch 
apparatus. At the central station there is provided a 
transmitter, a coder, and a sensing device for automatic 
operation, and a recorder and various switches to permit 
manual operation for testing purposes. The carrier pro 
vided by the transmitter is frequency modulated by tones 
whose frequency is controlled by a plurality of resonant 
reeds. The frequency band of the tones may be di 
vided into as many channels as required to provide dif 
ferent “on” and-“off? tones for each switching station. 
The sensing device determines what type of tones are, 
needed and initiates operation of a control circuit which 
applies the tones to the transmitter in the desired se 
quence. The control unit for the switching stations is 
packaged in a standard meter case, and is plugged into 
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a socket device which is connected in the system. Sig 
nals are picked up from the feeder line by a ferrite loop 
stick antenna inductively coupled to the line and con 
nected to the socket device. 
the control unit permits convenient installation and re 
moval, thus eliminating poletop maintenance and reduc 
ing maintenance and installation costs. The control unit 
contains a transistorized carrier receiver and two audio 
frequency resonant-read relays, one for “on” switching‘ 
and“ another ‘for “01f” switching. These relays are con 
nected in parallel to a direct current switching control 
circuit.‘ Only one of the resonant-reed relays is condi 
tioned for operation at a given time depending on the 
position of the capacitor switch, so that if the capacitor 
switch is’closed' by one tone, subsequent tones of the 
same frequency will not cause further switching. The 
switching control circuit also includes integrating com 
ponents to provide continuous energizing current and a 
time delay is provided to protect against spurious opera-. 
tion. A thermostatically controlled heater supplies heat 
inside the meter case to permit operation at low tem 
peratures, and the outside of the meter case is coated 
with a heat re?ective paint to avoid excessively high 
interior ' temperatures. 

The operation of the system as a whole can be under 
stood generally from a consideration of ‘FIG. 1. The 
transmission and distribution system shown here is a 
typical master-substation type of present day design and’ 
illustrates the application of switched distribution ca 
pacitorsfor both thermal and voltage correction. Power 
is supplied from a 110 kilovolt bus 61 through four 
master stations 62 which step down to ‘33 kilovolts or 
13 kilovolts as required to supply both industrial con-r 
sumers and distribution substations. Four distribution 
substations 63 step down from 13 kilovolts vat busses 60 
to 4 kilovolts at busses 67. A central control station 68 
may be provided at one or more of the distribution sub 
stations 63 in order to provide automatic control for dif 
ferent sections of the 4 kilovolt busses =67. A group of? 
4 kilovolt feeders 64 each having capacitor banks 65 
located thereon distribute power to general consumers. 
The switching stations 69 each include apparatus 66 
for operating the switches 47 which connect or discon 
nect the associated capacitor banks 65 in response to 
carrier signals modulated by “on” and “oif’f tones in a 
sequence determined by the load characteristics. 
The central control station 68 includes power line car 

rier transmitting apparatus 11 which is coupled to the 4 
kilovolt bus‘ 67 by a standard power factor correcting 
capacitor 71. A drain coil 72 is provided to ground the 
capacitor 71 ‘for 60 cycle current and to present a high 
impedance to current at the selected carrier frequencies. 
A carrier frequency of, for example, 60, 100 or 140 kilo 
cycles may be used, and different sections of the dis 
tribution system may use different ones of these fre 
quencies. The transmitter '11 sends out the carrier signal 
continuously, and it radiates through the entire feeder 
system supplied by the associated substation. A sens 
ing device 20 detects any need to have more or less 
capacitors connected into the system and causes the coder 
apparatus 16 to select the tones which will switch on or 
off the required number of capacitors. When su?icient 
tones of one type have been sent out to correct the load 
characteristics, the sensing device returns to its normal 
condition. The coder 16 then continues to send out 
tones of the opposite type until the sequence is com 
pleted. Thus, all of the switching control units 66sup 
pliede-by the central station ‘68 receive a tone of one type 
or the other each time the sensing device operates, an 
this helps to insure reliability‘ of operation. ‘ 
The sequence in which“ the coder 16 applies the tones 

is controlled by scanning apparatus designated generally 
as 76. A sequence which provides “last-on ?rst~oif” 
capacitor switching has‘ been‘found'to'bedesirablel The 
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4 
contacts of the scanning apparatus are connected through 
selecting apparatus indicated generally as 77 to “off” 
tone generators 78 or to “on” tone generators 79. The 
sensing device 20 controls the initial selection made by 
the apparatus 77, so that if “on” tones are needed, appa 
ratus 77 switches in tone generatorsv79. As the scanner 
76 steps through the sequence, “on” tones ‘are sent out 
until one or more capacitor banks are switched on in 
addition to those already ‘on the line. When su?icient 
capacitor banks are connected, the switching apparatus 
77 automatically connects tone generators 78 into the 
circuit to send out “oif” tones for the rest of the scan 
ning sequence. 

The, scanning. apparatus may be timed to operate peri 
odically ‘so that the full sequence of tones is repeated 
even if no changes are required, and this provides com 
pliance with the desired switching sequence. For in 
stance, if the sensing device ‘has called for more capaci 
tors, and if one‘ ofthe “on” tones in the middle of the ‘ 
sequence should fail to switch on a capacitor, an ex 
tra “on" tone would be added: before the “off” tones 
begin, thus destroying the desired sequence. However, 
repeated operation of the scanning apparatus 76 tends 
to correct this by switching on the omitted capacitor 
and switching off the extra capacitor which was added 
at the end of the “on” portion of the previous se 
quence. 
The sensing device 20 may be made responsive to any 

one of several load characteristics. For instance, a sens 
ingdevice may be provided which responds to increasing 
or decreasing kilowatt loads to cause the control system 
to connect or disconnect capacitors progressively until 
the load is corrected. Voltage bias may be used with 
such a sensing device to increase or retard the rate of 
closing or. opening. A sensing device which provides" 
a-voltage dead-band may be used so that a preselected 
bus voltage may be maintained. The voltage deadaband 
may be shifted by bus loading as required. Similarly, av 
device may be used which provides a reactive dead-band 
whereby any preselected reactive load can be maintained‘ 

A meter or‘ within the capability of the capacitors. 
recorder‘22 provides a visual indication of the reactive 
load characteristic. Since operation of any one capaci 
tor bank may change the station reactive load consider 
ably, operation of a single bank is clearly visible on the 
recorder. 
The equipment 10 provided at the central control sta 

tion 68 is shown in FIG. 2. The equipment 10 includes 
the carrier transmitting assembly 1-1 in which there may 
be two frequency ‘modulation transmitter units 12, one 
for main ‘operation andone for standby operation. The 
transmitting assembly 11 also includes a switchover unit 
13 for switching the main and standby transmitters. A 
meter panel 23 is provided with a direct current meter 
24 for transmitter alignment and a radio frequency am~ 
meter 25 for adjusting the output of a tuning unit 14‘ 
which tunes out any inductive effect the coupling capaci 
tor 71 may have at the carrier frequency so that the car 
rier power is eifectively coupled to the line. 
The equipment 10 also'includes the coder 16 which‘ 

automatically responds to the indications provided by the 
sensing device 20 (FIG. 1) to select and apply the tones 
according to the desired sequence as explained above. 
The coder has manual control switches 17 and 18 which 
permit manual as well as automatic operation of the 
equipment ‘10. The recorder 22 may be used in con 
junction with switches 17 and 18 ‘for centrallized testing 
of all banks. Thus, any malfunctioning equipment at the 
switching stations. can be detected and identi?ed quite 
readily,‘ and' this facilitates scheduling of maintenance 
work at convenient times. 

Switching control apparatus 66 is provided at each 
switching station 69. to operate the switches-'47" and there 
by" connect or disconnect the capacitors 65; The con! 



5 
trol unit 31 may be mounted along with the switches 47‘ 
and capacitor bank 65 on top of a transmission line pole 
33 as shown in FIG. 3. The capacitors 41 inthe bank 
65 are mounted on a rack 42 which also mounts a socket 
device 34through which all connections to the control 
unit 31 are made. In FIG. 1 the connections vare illus 
trated for the switching control apparatus 66 at only 
one of the switching stations (shown in dotted en 
closure 69) since the connections for the other switching 
stations may be the same. The socket device is con 
nected by cable 36 to a potted loop antenna 37 mounted» 
under the cross arm 38 by a bracket 39. Alternating 
current power is supplied to the socket device34 through 
lead 44. The switching output of the control unit 31 
is supplied through lead 30 and the socket device to the 
various capacitor switches 47. The control unit 31 is 
provided with plug-in terminals which correspond to 
terminals in the socket device for-making the connec 
tions to the antenna 37, the switches 47 and the power 
supply lead 44. The complete capacitor assemblies may 
be supplied with the socket device 34 already mounted 
and wired, so that the line crew which installs the banks 
has only to plug in the control unit, make connection 
to the secondary bus, and mount and connect the an 
tenna 37. The control unit 31 is housed in a standard 
plug-in meter case ‘which is interchangeable with plug-in 
time clock regulators. This permits easy conversion of 
existing regulating equipment to remote control and per 
mits interchanging various types of control equipment 
if desired. . 

The interior of the control unit 31 is shown in FIG. 4. 
The unit contains a transistorized carrier receiver 50, 
and two resonant-reed relays 51 and 52 which are con 
nected in a switching control circuit along with a pair 
of control relays 53 and 54. The relays 53 and 54 con 
trol a double acting latching relay 55 which in turn opens 
or closes the capacitor'switches and also locks out the 
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“off” reed relay when the capacitor switch has been ~ 
opened and similarly locks out the “on” reed relay when 
the capacitor switch has been closed. The plug-in ter 
minals 58 of the control unit are shown in FIG. 4. There 
are ?ve terminals: one for connection to theantenna 
37, two for connection to the source of power, and two 
‘for applying the switching output to the capacitor 
switches. The control unit 31 has a glass cover 59 which 
is roughened and painted with a re?ective coating as pre 
viously mentioned. 
The circuits for the equipment 10 at the central con 

trol station ‘68 and for the switching control apparatus 
66 at the switching station ‘69 are shown in FIGS. 5 and 
7 respectively. The circuits illustrate one. speci?c em 
bodiment of the invention which will be described com 
pletely. Two four kilovolt busses 67-1 ‘and 67~2v are at 
the left of FIGS. 5 and 7, and one of the feeder lines 64 
has a capacitor bank 65 connected thereto through a 
switching unit 47 (FIG. 7). The sensing device 20 and 
the transmitting assembly 11 at the central station 68 
(FIG. 5) are connected ‘to two busses 67-1 and 67—2 
so that both busses may be controlled simultaneously 
with the same equipment. Although this arrangement is 
advantageous for certain applications, it will be apparent 
that the circuit principles are equally applicable to 
single-bus control. 
The coder 16 at the central station includes two main 

parts, the sequence control circuit 90, and the fre 
quency control circuit 91. The sequence control circuit 
is energized from plus terminal 811 to negative or refer 
ence potential 82. The frequency controlling circuit 91 
of the coder 16 is connected to the transmitter 11, with 
terminal 87 providing a negative or reference potential. 
Direct current potential is supplied to the sensing de 
vice 20 between plus terminal 83 and the negative or 
reference potential 84. 
The contacts for the various relays are shown dis 

45 

60 

55 

60 

65 

70 

75 

6 
tributed throughout the circuit in order to facilitate the. 
description of the coordination between the relays and 
the particular circuits they control. To permit identi?ca 
tion of the contacts with a particular relay, a key sys 
tem will be followed whereby the relays. are designated 
by a base numeral such as 100 and the associated con 
tacts are designated by succeeding numerals. A new 
base numeral such as 110 designates the next relay con 
sidered. 
The transmitting assembly 11 provided at the central 

station and the receiver ‘50 ‘provided in the control unit‘ 
31 at the switching station may be selected to suit the 
requirements of the system, and therefore the circuits 
of these units are not described in detail. Frequency 
modulation transmitters and receivers which may be pro 
vided with resonant-reeds ‘for frequency selection are 
commercially available and have been ‘found to. be par, 
ticularly suitable for this application. 
Initiation and sequencing of tones at the central station 

The frequency of the “on” tones is controlled by a 
group of resonant-reeds 300 which are connected one at 
a time to the transmitter 11 through contact level 101 or 
102 of a stepping switch associated with the actuator 100. 
Similarly, the frequency of the “off” tones is controlled 
by a group of ‘resonant-reeds 301 which are connected to 
the transmitter through contact level 103 or 104. There 
are twenty resonant-reeds in each of the groups 300 and 
1301. Ten of the reeds in each group provide tones which 
represent capacitors on bus section 67-1, and the other 
ten reeds in each group provide tones representing capaci 
tors on the bus section 67-2. The ten reeds for bus sec 
tion 67-1 are the ones connected to odd-numbered con 
tacts of levels 101 and 103, and the ten reeds for bus 
section 67-2 are the ones connected to the even-numbered 
contacts of levels 102 and 104. Only two of the reeds in 
each group are shown, and the enclosures 302 and 303 
represent the remainder of the reeds along with ‘the 
manual switches, relay contacts and conductors associ 
ated therewith. . 

When switch 88 is moved to the manual position, any 
desired tone may be selected by manually controlling 
switches 17 for “on” tones and 18 for “o?” tones. When 
any one of the switches 17 and 18 is operated, the as 
sociated reed is connected to the transmitter 11 through 
the manual contacts of switch 88, and positive potential 
is applied from terminal 81 to energize relay 270 which 
operates contacts in the transmitter 11 tostart modulation 
of the oscillator thereof. , 
With switch 88 in the automatic position, the armature 

99 of the sensing device 20 will close contact 96 con 
nected to relay 110, or contact 97 connected to relay 1120, 
depending on whether more or less capacitors are needed 
on either of the busses \67—1 or 67-2. When the reactive 
load on either bus is too high, relay 110 is energized, 
and when the reactive load is too low, relay 120 is ener 
gized. The control circuit 90 includes a pair‘ 92 of pri 
mary relays 130‘ and 140 for control of bus 67-2 and 
another pair 93- of primary relays 150 and 160 for control 
of bus 67-1. The primary relays are responsive to ener 
gization of the sensing relays 110 and 120 to initiate oper 
ation of the coder 116. _ > 

Secondary relays 170, 180, 210 ‘and 220 are controlled 
by the primary relays 93, and other secondary relays 190, 
200, 230 and 240 are controlled by the primary relays 92. 
The secondary relays have contacts in the frequency con 
trolling circuit 91 which automatically select between the 
two groups of resonant-reeds 300 and 301 according to 
the needs of the distribution system. Relay 250 controls 
the timer unit 260, iand‘relay 280 prevents the secondary 
relays from being reenergized after the load has been 
corrected until the scan of the stepping switch is com 
pleted. 
The timer unit 260 includes a motor which drives a 

shaft to rotate a number of cams which control the timing 
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contacts ,261‘1tox267i inclusive. Thecams may rotate once 
each 24:seconds, and the wipers'of the contact levels 101 
to 109" inclusive step once during .each of these periods 
as‘willl be‘ explained.‘ Since there are twenty-six posi 
tionsron‘thecontact levels, a complete scan or sequence 
requires .ten‘ minutes and twenty-four seconds. These 
times may bevaried to suit the requirements of a particu 
l'ar‘application. Theprogram for the contacts 261-267 ' 
of the timer unit 260 is illustrated by the graph of FIG. 6 
which‘ shows the portions of each period during which the 
timing contacts are open'(unshaded) and closed (shaded). 

Theioperation will be described with the circuits start 
ing in‘ the condition where the wipers of all levels of the 
stepping switch arein the “home” or zero position, and 
withqthe timer 2601'set nearthe endof a period (as indi 
cated by the-dotted vertical line in FIG. 6) so that timing 
contacts 263, 265, 266‘ and 267 are closed. The relay 280 
is energized through contacts266, so. that contacts 281, 
284 and 285 are open and contacts282, 283, 286 and 
287 are closed. At the start, there may be no capacitors 
on bus 67-1 so the sensing device 20 operates to close 
contacts 97 and'energize relay 120 to switch capacitors 
on the line. When relay 120 pulls in, contact 121 closes 
to energize primary relay ‘160. Secondary relays 170 and 
180 are then energized through contacts 161 and ‘162. 
Relays 1701 and 180' respectively have contacts 172 and 
182 in the frequency controlling circuit 91 which select 
the group 300 of resonant-reeds through contact level 101' 
to apply “on” tones to the transmitter 11. 
The sequencein which tones are applied to the trans 

mitter 11 is controlled by the contact levels 101-104, 
timer 260 and the secondary relays. With relays 170 
and- 180 energized as explained, relay 250 is energized 
through contact 184 and contact 251 closes to complete 
the energizing circuit for the motor of the timer 260. 
The stepping switch actuator 100 is energized through 
contact 261.‘ When the timer 260 approaches the end of 
the period, timing contacts 263, 266 and 267 open. The 
opening of contact 266 drops out relay 280 so that con 
tacts 281, 284, and 285 now close and contacts 282, 283, 
286 and 287 open. Relay 170 is held in by its own con 
tact 171 which parallels contact 282, and relay 180 is 
held in by its own contact 181 until the end 01 a complete 
sequence. when relay 280 is energized again as will be 
explained. Since relay 280 lrernains de-energized until the 
end of the sequence, the secondary relays 1'70, 200, 210 
and 240 which drop out after the load is corrected can 
not be re-energized until the end of the sequence, even if 
the sensing device should operate-again before then, be 
cause contacts 282, 283, 286 and 287 are open. 
The timer 260 reaches the end of the period where it 

was set and then starts the ?rst period of the sequence; 
Contact 261 closes and then opens after ‘about one second 
to pulse. actuator 100 and step the various levels of the 
stepping switch to the ?rst position. After two seconds 
of the period have passed, contact 262 closes to energize 
the starting relay 270 which conditions the oscillator of 
the transmitter 11 for modulation as previously explained. 
Contacts 266 and 267 of the timer also close after two 
seconds to apply positive potential to the wipers of levels 
105 to 109; The memory relay 400 which is connected 
to‘the ?rst contact of stepping switch level 105 is then 
energized and holds in through its own contact 403, and 
this closes the memory contact 401'connected to the ?rst 
reed-in group 300. The frequency controlling circuit 91 
is‘ now completed through contacts 264, 172, 182, the 
?rst contacts or level 101, and contact 401 connected 
thereto so that an “on” tone is supplied to bus 67-1. This 
tone is sent until 12 seconds of the period has passed, and 
at'this point contact 264 opens to break the frequency 
controlling circuit. No tone is sent out for the remainder 
of the 'period since .the- frequency controlling circuit is" 
not completed to any other reed at this time. At the be 
ginning of the next period,» contact 261 closes and opens 
againt-to ‘energize-and de-energiz'e ‘actuator’ 100‘~and step’ 
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8 
levels 101-109 to' the second position. 
memory relay connected to the second contact of level 
105, and the memory relay 500 connected to the second 
contact of level 107 is not energized. Therefore, no tone 

' is sent out while the stepping switch remains in the second 
position. This alternating arrangement between odd and 
even contacts of levels 101-104 is carried out for posi 
tions 1 through 20 so that tones may be sent out at the 
odd positions for controlling bus 67-1 and other tones 
may be‘ sent out at the even positions for controlling bus 
67-2. 

Contact 261 closes and opens once for each 24 second 
period provided by the timer 260 so that the actuator 
100 is operated once for each period. The other timing 
contacts follow the program shown in FIG. 6. Thus, 
contact level 101 steps along and selects “on” tones from 
the odd numbered reeds in group 300 so long as con 
tacts 172 and 182 remain closed. When the load char 
acteristic has been corrected, relays 120, 160>and 170 
drop out. This breaks the frequency controlling circuit 
to contact level v101, but since relay 180 remains ener 
gized a circuit is completed through contacts 183 and 
normally closed contacts 173 to stepping switch contact 
level 103 which is connected to the “off” reeds 301 so 
that “off” tones will 1be sent out for the remainder of 
the sequence. When levels 101 to 109 reach the Zero 
position, relay 2801s energized when contact 266 close 
after two seconds of the period. Relays 180 and 250 are 
respectively dropped out when normally closed contacts 
281 and 284 open, and the motor of timer 260 is dropped 
out when contact 251 opens. Thus, the sequence ends 
before the end of the last period thereof so that relay 
280 remains energized to condition the coder for the 
next operation. 

It may be noted that complementary primary and sec 
ondary relays are provided for operation by the sensing 
relay 110 to take capacitors off bus 67-1. When relay 
110 is energized, relays 150, 210 and 220‘ are energized 
to complete the frequency controlling circuit 91 to con 
tact level v104 for selecting “oil” tones from the reed 
group 301. When the load characteristic has been cor 
rected, relays 110, 150 and 210 drop out, but relay 220 
remains energized so that “on” tones from reed group 
300. are applied to the transmitter through contacts 212 
and 222 for the remainder of the sequence. Contact 
levels 102 and 104 are connected to the reed groups 300 
and 301 in reverse order so that the capacitors will be 
switched o?? in a “last-on, ?rst-oft” sequence. As shown 
in FIG. 6, contact 265 closes after 12 seconds of each 
period of the timer. Therefore, no tones are sent out 
during the ?rst 12 seconds and the “off” tones are sent 
out during the second 12 seconds in each period while 
contact 265 is closed. The even-numbered contacts of 
level 106 are connected to the memory relays 400-489 in 
reverse order, and the memory relays representing capac 
itors which are being switched off the line are de-ener 
gized as level 106 steps along and shorts out the coils 
thereof. The operation of the timing contacts is appar 
ent from the previous description, so this will not be ex 
plained again. 

Other primary and secondary relays are provided for 
control of the other bus 67-2. Primary relays 130 and 
140 are operated respectively by sensing relays ‘110 and 
120. Secondary relays 190 and 200 are operated by 
primary relay 140 when more capacitors are needed on 
the line, and secondary relays ‘230 and 240 are operated 
by primary relay 130‘ when fewer capacitors are needed 
on the line. The contacts 192, 202, 193, 203, 232, 242, 
233 and 243 of the secondary relays which select tones 
for bus sections 67-2 are in parallel with the contacts 
172, 182, 173, 183, 212, 222, 213 and 223 which select 
tones-for bus‘section 67-1. The operating sequence for 
the contacts in‘ parallel is'the same as previously de~ 
scribed and it is believed to be unnecessary to repeat 
this-‘explanation. Tones will be sent out when the wipers 

There is no ~ 
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of levels 100-109 are in the even-numbered positions, with 
“on” tones from reeds 300 being sent during the ?rst 
part of the timer periods and “ofF’ tones from reeds 301 
being sent during the second half‘ of the periods in ac 
cordance with the program of FIG. 6. The memory 
relays 500~509 are energized‘through level 107 when 
capacitors are being added and are de-energized by level 
108 when capacitors are being taken off in the manner 
described in connection with memory relays 400-409. 

Response to tones at the switching stations 

The circuit for the equipment at one of the switching 
stations 69 including a control unit 31 is shown in FIG. 7. 
Alternating current is applied from terminals 132 to the 
latching relay 55 and to the switching output terminals 
130. The power supply circuit 133 of the control unit 
provides direct current potential for the switching con 
trol circuit including reeds 127 and 128, capacitors 134, 
resistors 135, resistors 136, capacitors 137, and relays 
53 and 54. The diode bridge 141 rectities the alternat 
ing current supplied from terminals 132 through trans 
former 140, and a network including resistor 142 and 
capacitor 143 ?lters the recti?ed current and provides 
the direct current potential which is applied to the 
switching control circuit. Another ?lter network in 
cluding resistors i146 and 144 and capacitor 145 applies a 
lower potential to the receiver 50. A wire-bound re 
sistor 151 provides heat in the interior of the control unit 
311 as previously mentioned, and the temperature is con 
trolled by a thermostat 152. I 
As canrier signals come in over the feeder 64, they 

are picked up by the loop antenna 37 including coil 123 
which is wound on ‘a ferrite core. The control signals are 
applied through terminal 131 of the socket device 34 to 
the receiver 50. The audio frequency component of 
the control signal is. detected by the receiver and the 
output audio signal is applied to the two resonant-reed 
relays 51 and 52 respectively having resonant-reeds 127 
and vr128. When one of the reeds 127 and 128 is vi< 
brated it makes intermittent contact which tends to make 
the current in the switching control circuit a series of 
pulses. However, capacitors 134 and resistors 135 pro 
vide su?icient'time constant so that the current delivered 
to the control relays 53 and 54 is made continuous. Re 
sistors '1‘36 limit the current through the reeds 127 and 
128, and also act with capacitors 137 to integrate the 
energizing current and extend the time constant, thus 
providing a time delay which insures positive operation. 
When either of the control relays 53 and 54 is ener 

gized to close contacts 149 or 150, an alternating cur 
rent circuit is completed through the mechanically latch 
ing relay 55. Relay 55 includes a release coil 160 and 
a latching coil 170 having contacts 171 and 172 connect 
ed respectively to the reed relays 51 and 52 and con 
tacts 173 and 174 connected to the switching output ter 
minals 130. When the capacitor 65 is on the feeder 
line 64 as illustrated, the ‘coil of the resonant-reed relay 
52 which is responsive to “o?” tones is connected to the 
output of receiver 50 and contacts 171 short out reed 
relay ‘51 which is responsive to “on” tones. Thus, the 
switching control circuit can be energizedonly by the 
next tone to which the “off” reed relay 52 is responsive. 
When on “off” tone of appropriate frequency is re 
ceived, contacts 150 are closed by control relay 54 to en 
ergize and latch the armature of latching coil 170, which 
in turn opens contacts 171 and 173 and simultaneously 
closes contacts 172 and 174. Thus, the “0 ” reed re 
lay 152' is shorted out, and the switch 47 is opened to 
take capacitor 65 off the line. Then when an “on” 
tone of appropriate frequency is received, reed relay 
51 operates and energizes control relay 53. Contacts 
149 close and energize the release coil 160 which un 
latches the armature of coil 170. Contacts 171 and ‘1.73 
then close and contacts 172 and 174 open so the circuit 
is now in the original condition with the capacitor on the 
line. 

‘10 

30 

40 

50 

55 

60 

65 

70 

75 

10 
It is apparent from the foregoing description that the 

capacitor switching system of the ‘invention permits cen-‘ 
tralized control over a large number of linecapacitors. 
The system may provide both thermal and voltage con 
trol, and cuts power losses considerably. Many safe 
guards are incorporated to provide reliable operation, and 
equipment exposed to the weather is adequately protected. 
The control units are compact'and e?icient and require, 
little maintenance. Any need for maintenance can be 
readily detected at the central control station, and main 
tenance and installationcosts are minimized by the use 
of plug-in units at the switching stations. The equipment 
is'much less expensive than prior equipment to' compen 
sate for changes‘ in variation load such as tap changing 
transformers. In view of the many bene?ts provided by 
the extensive use of properly controlled line capacitors, 
the system may be applied widely resulting insubstantial 
operating economies. ' 

I claim: ‘ 1 

1. An automatic remote control system for use in a 
power distribution system which includes a power dis 
tribution station for supplying power to transmission lines, 
and which system includes a plurality of power factor cor~ 
recting capacitors for connection to the transmission lines 
and sensing apparatus at the power distribution station 
responsive to predetermined load characteristics of the 
transmission lines to indicate when more or less capaci 
tors are needed on the lines; said remote control system 
controlling the connection of such capacitors to the lines 
and including in combination, a plurality of switching 
control stations each associated with a capacitor, and a 
central control station associated with the power dis 
tribution station, said central control station including 
modulated carrier transmitting apparatus for supplying to 
the transmission lines a carrier wave modulated by con 
trol signals, and coding apparatus responsive to the sense 
ing apparatus for selectively applying control signals of 
different frequencies to said transmitting apparatus in a 
controlled sequence, whereby the carrier wave is modu 
lated by signals determined by the load characteristics of 
the transmission lines, said switching control stations each 
having a control unit including carrier receiver means for 
deriving the control signals from the received carrier wave, 
and control means connected to said receiver means and 
including frequency selective means responsive to received 
control signals of predetermined frequencies for control 
ling the connection of said capacitors to the transmission 
lines. 

2. vAn automatic remote control system for use in a 
power distribution system which includesa power dis 
tribution station for supplying power to transmission lines, 
and which system includes a plurality of powerfactor 
correcting capacitors for connection to the transmission 
lines, and sensing apparatus at the power distribution sta~ 
tion responsive to predetermined load characteristics of 
the transmission lines to indicate when more or less ca 
pacitors are needed on the lines, said remote control sys 
tem controlling theconnection of such capacitors to the 
lines and including in combination, a plurality of switch 
ing control stations each associated with a capacitor, and 
a central control station associated with the power dis 
tribution station, said central control station including 
modulated carrier transmitting apparatus for supplying 
to the transmission lines a carrier wave modulated by cori 
trol signals, and coding apparatus responsiveto the sens 
ing apparatus for selectively applying control signals of 
different frequencies to said transmitting apparatus in a 
controlled sequence, whereby the carrier wave is modu 
lated by signals determined by the load characteristics, of 
the transmission lines, said coding apparatus operating to 
repeat the selection and transmission of said modulating 
signals, said switching control stations each having a 
control unit including carrier receiver means for deriving 
the control signals from the received carrier wave, and 
control means connected to said receiver means and in~ 
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cluding: frequency selective means responsive to received 
control signals ofpredetermined. frequencies for control 
ling the connection of said capacitors to the transmission 
lines. 

3. An automatic remote control system for use in a 
power'distribution'system which includes apower distri 
bution’station for supplying power-to transmission lines, 
and which system includes a plurality of power factor 
correcting capacitors for connection to the transmission 
lines, and sensing apparatus at the power distribution sta 
tion responsive to predetermined load characteristics of 
the transmission lines to indicate when more or less ca 
pacitors are needed on the lines, said remote control sys 
tem controlling, the, connection of such capacitors to the 
lines and including in combination, a plurality of switch 
ing control stations each associated with a capacitor, and 
a central control station'associated with the power dis 
tribution station, said central control station including 
modulated carrier transmitting apparatus for supplying 
to the transmission: lines a carrier wave modulated by 
control signals, andcoding apparatus responsive to the 
sensing apparatus for selectively applying on and off con 
trolssignals of different‘ frequencies to said transmitting 
apparatus in a controlled sequence, whereby the carrier 
wave is modulated by signals determined by the load 
characteristic of the transmission lines, said coding appa 
ratus including memory circuit means for indicating the 
number of on and off control signals in said sequence to 
permit determination of the‘ number of said capacitors 
connected to the line, said switching control stations each 
having a control unit including carrier receiver means for 
deriving the control signals from the received carrier 
wave, and control means connected to said receiver means 
and including frequency selective means responsive to re 
ceived control signals of predetermined frequencies for 
controlling the connection of said capacitors to the trans 
mission lines. > 

4.‘ An automatic remote control system for use in a 
power distribution system‘ which includes a power dis 
tribution, station for supplying power to transmission 
lines, and which system includes a plurality of power 
factor correcting capacitors for connection to the trans 
mission lines and sensing apparatus at the power distri 
bution station responsive to predetermined load charac 
teristics of the transmission lines to indicate when more 
or less capacitors are needed on the lines; said remote 
control system controlling the connection of such capaci 
tors to the lines and including in combination, a plu 
rality of switching control stations'each associated with 
a capacitor, and a central control station associated 
with the power distribution station, said central control 
station including modulated'carrier transmitting appara 
tus for supplying to the transmission lines a carrier wave 
modulated by control signals, a power factor correcting 
capacitor for coupling said transmittingapparatus to the 
transmission line, and coding apparatus responsive to 
the sensing apparatus for selectively applying control sig 
nals of different frequencies to said transmitting appa 
ratus-in a controlled sequence, whereby the carrier wave 
is modulated by signals determined by the load charac 
teristics of the transmission lines, said switching control 
stations each having a control unit including transistor 
ized carrier receiver means for deriving the control sig 
nals from the received carrier wave, and control means 
connected to said receiver means and including frequency 
selective means responsive to received control signals of’ 
predetermined‘frequencies for controlling the connection 
of said capacitors to the transmission lines. 

5. Anautomatic remote control system for, use in a 
power distribution system which includes a power distri 
bution stationcfor supplying power to transmission lines, 
and which system includes a plurality‘ of power factor 
correcting capacitors for connection to the transmission 
lines and ‘sensing apparatus at the power‘distribution sta 
tion1 responsive to- predetermined load characteristics of 
the transmissioni-linessto indicatecwhen‘~ more: or: less‘ 
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capacitors are needed on the lines; said remote control 
system controlling the connection of such capacitors to 
the lines and including in combination, a plurality of 
switching control stations each associated with a capaci 
tor, and a ‘central. control station associated with the. 
power distribution station, said central control station 
including modulated carrier transmitting apparatus for 
supplying’ to the transmission lines a carrier wave modu 
lated by control signals, and coding apparatus respon 
sive to the sensing apparatus for selectively applying 
control signals of different frequencies to said transmit 
ting apparatus in a controlled sequence, whereby the car 
rier wave is modulated by signals determined by the 
load characteristics of the transmission lines, said switch 
ing control stations each having a control unit, inductive 
antenna means for coupling the modulated carrier wave 
from the transmission line'to said control unit, said con— 
trol unit including transistorized carrier receiver means 
for deriving the control signals from the received carrier 
wave, and control means connected to said receiver 
means and including frequency selective means respon 
sive to received control signals for predetermined fre 
quencies for controlling the connection of said capacitors 
to the transmission lines. 

6. An automatic remote control system for selectively 
connecting a plurality of power factor correcting capaci 
tors to a power transmission line supplied with power 
from a power distribution station, said system includ 
ing in combination, a plurality of switching control sta 
tions each associated with a capacitor, and a central 
control station associated with the power distribution 
station, said central control station including modulated 
carrier transmitting apparatus for supplying to the trans 
mission line a carrier wave modulated by control signals 
representing said switching control stations, sensing appa 
ratus responsive to a predetermined load characteristic 
of the transmission line to provide indications when more 
or less capacitors are needed on the line, and codingv 
apparatus including ?rst and second frequency control 
ling means for respectively providing a plurality of modu 
lating signals of different frequencies, scanning means 
for applying the modulating signals to said transmitting 
apparatus in a controlled sequence, and selection means 
for selecting modulating signals from one of said ?rst 
and second frequency controlling means in response to 
a corresponding indication of said sensing apparatus and 
for selecting modulating signals from the other one of 
the same when the load has been corrected, whereby the 
carrier wave is modulated by on and off control signals 
in a sequence determined by the load characteristic, and 
said switching control stations each having a control unit 
including carrier receiver means for deriving the control 
signals from the carrier wave received from‘ said central 
control station, and control means connected to said 
receiver means and including frequency selective relay 
means for controlling the connection of said capacitors 
to said line in response to an on and an off control signal. 

7. An automatic remote control system for selectively 
connecting a plurality of power factor correcting capaci 
tors to a power transmission line supplied with power 
from a power distribution station, said system including 
in combination, a plurality of switching control stations 
each associated with a capacitor, and a central control 
station associated with the power distribution station, said 
central control station including modulated carrier trans 
mitting apparatus for supplying to the transmission line 
a carrier wave modulated by control signals representing 
said switching control stations, sensing apparatus respon 
sive to a predetermined load characteristic of the trans 
mission line to provide indications when more or less 
capacitors are needed ‘on the line, and coding apparatus 
including ?rst and second frequency controlling means‘ 
each having a plurality of resonant-reeds for providing a 
plurality of modulating signals of different frequencies, 
scanning means for applying the modulating signals to 
said transmitting apparatus in a controlled sequence, relay; 
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means for automatically selecting one of said ?rst’ and 
second frequency controlling means in response to a cor 
responding indication of said, sensing apparatus and for 
selecting the other one of the same'when' the load has 
been corrected, and switch means for manualselection of 
individual ones of the modulating signals provided by 
said resonant reeds, and said switching control stations 
each including a control unit, and loop antenna means 
coupling said control unit to the transmission line, said 
control unit including transistorized carrier receiver means 
for deriving control signals from the modulated carrier 
wave received from said central control station, ?rst and 
second resonant reed relays connected to said receiver 
means and having vibratory contactors responsive respec 
tively to an on and an off control signal, an alternating 
current output circuit including a latching relay having 
?rst contacts for controlling the connection of the ca 
pacitor to the transmission line and having second con 
tacts controlling energization of said resonant reed relays 
and locking out the one thereof most recently operated, 
and a direct current switching control circuit including 
said contactors of said resonant reed relays, direct cur 
rent relay means having contacts in said output circuit 
controlling energization of said latching relay, means hav 
ing a time constant to provide continuous energizing cur; 
rent for said direct current relay means, and means for 
extending said time constant to provide a time delay as— 
suring positive operation of said resonant-reed relays 
before energization of said direct current relay means. 

8. An automatic remote control system for selectively 
connecting a plurality of power factor correcting capaci 
tors to ?rst and second power transmission lines supplied 
withrpower from a power distribution station, said system 
including in combination, a‘ plurality of switching con 
trol stations each associated with a capacitor, and a cen 
tral control station associated with the power distribution 
station, said central control station including modulated 
carrier transmitting apparatus for supplying to the trans 
mission lines a carrier wave modulated by control sig 
nals representing said switching control stations, sensing 
apparatus responsive to a predetermined load character 
istic of both transmission lines to provide indications when 
more or less capacitors are needed on either line, and cod 
ing apparatus including ?rst and second frequency con 
trolling means for respectively providing a plurality of 
modulating signals of different frequencies, scanning 
means for applying the modulating signals to said trans 
mitting apparatus in a controlled sequence, and selec 
tion means including ?rst and second relay means for 
respectively selecting one of said ?rst and second fre 
quency controlling means when said sensing apparatus 
responds to a change in the load characteristic of said 
?rst and second lines and for selecting the other one of 
the same when the load characteristic has been corrected, 
whereby the carrier wave is modulated by on and off con 
trol signals in a sequence determined by the load charac~ 
teristic, and said switching control stations each having a 
control unit including transistorized carrier receiver means 
for deriving the control signals from the carrier wave 
received from said central control station, and control 
means connected to said receiver means and including 
frequency selective relay means for controlling the con 
nections of said capacitors to said line in response to an 
on and an off control signal. ' 

9. An automatic remote control system for selectively 
connecting a plurality of power factor correcting capaci 
tors to a power transmission line which is supplied with 
power from a distribution station, said system including 
in combination, a plurality of switching control stations 
each associated with a switched capacitor, and a central 
control station associated with the power distribution sta 
tion, said central control station including modulated car 
rier transmitting apparatus for supplying to the trans 
mission line a carrier signal modulated by control fre 
quencies representing said switching control stations, 
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sensing apparatus responsive to a predetermined load char 
acteristic ofthe transmission line to indicate whether 
more or less capacitors are needed on the transmission 
line, and coding apparatus including ?rst and second 
groups of resonant-reeds for respectively providing sets 
of on and o? modulating signals each of a different fre 
quency, and coding control circuit means including step 
ping switch means ‘for scanning through either of said 
groups of resonant-reeds in forward and reverse order 
to apply said modulating signals to said transmitting ap 
paratus in a controlled sequence, said coding control cir 
cuit means further including relay means for selecting 
one of said groups of resonant-reeds in response to the 
indication of said sensing apparatus to provide modula 
tion with signals of one of said sets thereof during a por 
tion of the scan of said stepping switch means until 
said load characteristic is corrected, said relay means 
being operable to select the other of said groups of 
resonant-reeds when the'load characteristic is corrected 
to provide modulation with signals of the other of said 
sets thereof until said stepping switch means has scanned 
through the remainder of the sequence, and said switch 
ing control stations each including a control unit, and 
antenna means coupling said control unit to the trans 
mission line for applying they received modulated carrier 
signal thereto, said control unit comprising carrier receiver 
means for deriving control frequencies from the modula 
tion of the received carrier signal, switching circuit means 
for providing a switching output to control the connec 
tion of the capacitor, ?rst and second resonant-reed relays 
connected to said receiver means and responsive respec 
tively to predetermined on and off control frequencies, 
said ?rst and second resonant-reed relays having contacts 
in said switching circuit means for energizing the same, 
and said switching circuit means including output relay 
means having ?rst contacts providing a switching control 
output and second contacts operable to lock out the one 
of said resonant-reed relays most recently operated. 

10. An automatic remote control system for switching 
a plurality of power factor correcting capacitors on and 
off a power transmission line, said system including in 
combination, a central control station including trans 
mitting apparatus for supplying to the transmission line 
a carrier signal modulated by control frequencies repre 
senting the various capacitors, sensing apparatus having 
on and off initiating circuits and responsive to a pre— 
determined load characteristic to complete one of the 
same for initiating modulation of the carrier signal, and 
coding apparatus comprising a frequency controlling cir 
cuit connected to said transmitting apparatus and in 
cluding ?rst and second groups of resonant-reeds for 
respectively providing on and off sets of modulating tones 
each of a different frequency, and a coding control cir 
cuit including stepping switch means having contact 
levels in said frequency controlling circuit for making 
connections to said groups of resonant-reeds in a con 
trolled sequence and‘ for scanning through either group 
thereof in forward and reverse order, and relay means 
responsive to operation of said sensing apparatus and 
having ?rst contacts in said frequency controlling circuit 
for completing the same selectively through the group of 
resonant-reeds which corresponds to the particular ini 
tiating circuit energized by said sensing apparatus until 
the load characteristic is corrected, said relay means hav 
ing second contacts in said frequency controlling circuit 
for selectively completing the same through the other 
group of resonant-reeds when the load characteristic is 
corrected until said stepping switch means has scanned 
through the remainderof the sequence, and a plurality 
of remotely located switching stations each having switch 
ing control apparatus responsive selectively to one of 
said on tones and one of said off tones to switch a 
capacitor associated therewith, whereby the carrier sig 
nal received by said control unit is modulated by tones 
in a sequence determined by the load characteristic, with 
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each sequence including one tone for each switching’ 
station to substantially ensure that the condition of the. 
capacitors is in compliance with a desired schedule. 

11. An automatic remote control system for switch 
ing a plurality of power factor correcting capacitors on 
and off a power transmission line, said system includ 
ing in combination a central control station having sens 
ing, coding, and modulated carrier transmitting‘ appara 
tus, said sensing apparatus having on and off initiating 
circuits and being responsive to a predetermined load 
characteristic to complete one of the same when there 
is a need for more or less capacitors on the line, said 
coding apparatus comprising a frequency controlling cir 
cuit connected to the transmitting apparatus‘ and includs 
ing ?rst ‘and second groups of resonant-reeds for respec~ 
tively providing on and off modulating tones each of 
a diiferent frequency, and coding control circuit means 
including stepping switch means having ?rst contact 
levels in said frequency controlling circuit for making 
connections to said resonant-reeds in a controlled se 
quence and for scanning through either group thereof 
in forward and reverse order, said stepping switch means 
having second contact levels for memory operation, a 
plurality of memory relays connected individually to 
the contacts of said second levels of said stepping switch 
means, said memory relays being operated sequentially 
as said stepping switch means scans for indicating the 
number of tones of either type applied to said trans 
mitting apparatus, and control relay means responsive 
to operation of said sensing apparatus and having ?rst 
contacts in said frequency controlling circuit for com 
pleting the same selectively through the group of resonant 
reeds which corresponds to the particular initiating cir 
cuit energized by said ‘sensing apparatus until the load 
characteristic is corrected, said control relay means hav— 
ing second contacts in said frequency controlling circuit 
to complete the same selectively through the other group 
of resonant-reeds when the load chaarcteristic is cor 
rected until said ?rst stepping switch means has scanned 
through the remainder of the sequence, and a plurality 
of remotely located switching stations'each having switch 
ing control apparatus responsive to one of said on tones 
and one of said oif tones to switch a capacitor associated 
therewith; 

12. An automatic remote control system for selectively 
connecting a plurality of power factor correcting capaci 
tors to ?rst and second power transmission lines sup 
plied with power from a power distribution station, said. 
system including in combination, a central control sta 
tion having sensing, coding, and modulated carrier trans 
mitting apparatus for supplying a modulated carrier 
wave to said ?rst and second transmission lines, said sens 
ing apparatus being responsive to a predetermined load 
characteristic of the transmission lines to provide indica 
tions when more or less capacitors are needed on either 
line, said coding apparatus comprising a frequency con 
trolling circuit including ?rst and second groups of reso~ 
nant-reeds for respectively providing on and off modu 
lating tones each of a different ‘frequency, and coding 
control circuit means including stepping switch means 
having ?rst contact levels in said frequency controlling 
circuit for making connections to saidrresonant-reeds in, 
a controlled sequence and for scanning through either 
group thereof in forward and reverse order, said step 
ping switch means having second contact levels for mem 
ory operation, a plurality of memory relays connected 
individually to the contacts of said second levels of 
said stepping switch means, said memory‘relays being 
operated sequentially as said, stepping switch means 
scans, said memory relays having contacts in said fre 
quency controlling circuit for selecting the resonant reeds 
in said groups thereof which provide tones representing 
the capacitors on the transmission to which said sens~ 
ing apparatus responds at a given time, and control relay 
means responsive to operation of said’ sensing apparatus 
and having contactsconnected tosaid ?rst and‘ second. 
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levels of said stepping switch means- for selecting modu-~ 
lating signals from either one of said ?rst and second 
groups of resonant reeds in response to a correspond 
ing indication of said sensing apparatus and for select 
ing the memory relays corresponding to the transmission 
line to which said sensing apparatus responds at a given‘ 
time, whereby the carrier wave is modulated by tones 
in a sequence determined by the load characteristic of 
either line, and a plurality of remotely located switching, 
stations each having switching control apparatus respon 
sive to one of said on tones and one of said oh‘ tones 
for switching a capacitor associated therewith. 

l3. Switching control apparatus for responding to a, 
carrier signal modulated by control signals to control 
the connection of a power factor correcting capacitor 
to a power transmission line, said switching, control ap 
paratus including in combination, transistorized carrier 
receiver means for deriving control frequencies from the 
modulation of the carrier signal received over the. trans 
mission line, loop antenna means for coupling themodu 
lated carrier signal to said receiver means, an alternating 
current output circuit including a latching relay having. 
?rst contacts for controlling the connection of the capaci 
tor to the transmission line, a direct current switching 
control circuit including direct current relay means hav 
ing contacts in said output circuit for controlling the ener 
gization of said latching relay, ?rst and second resonant 
reed relays connected to said receiver means‘and selec 
tively energized by different predetermined control fre» 
quencies, said resonant-reed relays having reed contacts 
in said switching control circuit for controlling the en 
ergization of said direct current relay means, said latch 
ing relay having second contacts for controlling ener 
gization of said resonant-reed relays and for locking out, 
the one thereof most recently operated to prevent unde 
sired switching. 

14, Switching control apparatus as de?ned in claim 13 
with said reed contacts of said resonant-reed relays in 
said switching control circuit being closed intermittently. 
upon energization thereof, thereby tending to produce 
current pulses in said switching control circuit, means 
in said switching control circuit having a time constant‘ 
to provide a continuous current therein, and means for 
extending said time constant for providing a time delay 
to ensure positive operation of said resonant-reed» re-v 
lays before energization of said direct current relay. 
means. 

15. An automatic remote control system for selectively 
operating a plurality of devices associated with a trans 
mission line and having ?rst and second conditions, said 
system including in combination, a plurality of remote 
control stations each associated with one of the devices, 
and a central control station including modulated car 
rier transmitting apparatus for supplying to the trans 
mission line a carrier wave modulated by control signals 
representing said remote control stations, and coding ap-i 
paratus including ?rst and second frequency controlling 
means for respectively providing a plurality of modu 
lating signals of di?erent frequencies, scanning means 
for sequentially applying the modulating signals to said 
transmitting apparatus, and selection means for selecting 
from said ?rst frequency controlling means during part 
of the scan of said scanning means modulating signals 
representing the ?rst condition of thetdevices and for 
selecting from said second frequency controlling means 
during another portion of the scan modulating'signals 
representing the second condition of the devices whereby 
the carrier wave is modulated by the signals from said 
?rst and second frequency controlling means in a con 
trolled sequence, and said remote control stations each 
having a control unit including carrier receiver means 
for deriving the control signals from the carrier wave 
received from said central control station, and control 
means connected to said receiver means and including 
frequency selective relay means for controlling the con— 
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dition of the device in response to a first and a second 
control signal. ' 

16. Automatic remote control apparatus for use with 
a power distribution system to control the connection of 
capacitors to power lines of the system, said remote 
control apparatus including incombination, modulated 
carrier transmitting means for supplying to the power 
lines a carrier wave modulated by control signals, cod 
ing means including first and second frequency control 
ling means for respectively providing a plurality of mod 
ulating signals each-of a different frequency, scanning 
means for sequentially applying selected modulating sig 
nals to said transmitting means for modulating the car 
rier Wave, and selection means for selecting modulating 
signals provided by said ?rst frequency controlling means 
during one part of the scan of said scanning means and 
for selecting modulating signals provided by said second‘ 
frequency controlling means during another part of the 
scan of said scanning means, whereby the carrier wave 
is modulated by the signals from said ?rst and second 
frequency controlling means in a controlled sequence, 
and a plurality of switching control units adapted to be 
associated respectively with the capacitors of the power 
distribution system for controlling the connection of the 
capacitors to the power lines in response to modulated 
carrier wave signals supplied thereto from said transmit 
ting means over the power lines, each switching control 
unit being selectively responsive to the carrier wave as 
modulated by one of the signals provided by said ?rst 
frequency controlling means for connecting a capacitor 
to a power line, and being selectively responsive to the 
carrier wave as modulated by one of the signals provided 
by said second frequency controlling means for discon 
necting such capacitor from the power line. 

17. Automatic remote control apparatus for use with 
a power distribution system to control the connection of 
capacitors to power lines of the system, said remote con~ 
trol apparatus including in combination, modulated car 
rier transmitting means for supplyng to the power lines a 
carrier wave modulated by control signals, and coding 
means including ?rst and second frequency controlling 
means for respectively providing a plurality of modulat 
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18 
ing signals each of a di?erent frequency, scanning means 
for sequentially applying selected modulating signals to 
said transmitting means for modulating the carrier wave, 
and selection means for selecting modulating signals pro 
vided by said ?rstfrequency controlling means during one 
part of the scan of said scanning means and for select 
ing modulating signals provided by said second frequency 
controlling means during another part of the scan of said 
scanning means, whereby the carrier wave is modulated 
by the signals from said ?rst and second frequency con 
troiling means in a controlled sequence. 

18. Automatic remote control apparatus for use at a 
central station associated with a power distribution sys 
tem to control the connection of capacitors to power lines 
of the system, said remote control apparatus including 
in combination, modulated carrier transmitting means for 
supplying to the power line va carrier wave modulated by 
control signals, and coding means including ?rst and 
second groups of resonant-reeds for respectively provid 
ing sets of on and off modulating signals each of a dif 
ferent frequency, and sequence control circuit means in 
cluding stepping switch means for scanning through either 
of said groups of resonant-reeds in forward and reverse 
order to apply said modulating signals to said transmit 
ting means in a controlled sequence, said sequence con 
trol circuit means further including relay means for se 
lecting one of said groups of resonant-reeds to provide 
modulation with signals of one of said sets thereof dur 
ing one portion of the scan of said stepping switch means 
to provide modulation with signals of one of the sets 
thereof, and said relay means being operable to select 
the other of said groups of resonant-reeds during another 
portion of the scan of said stepping switch means to pro 
vide modulation with signals of the other set thereof. 
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